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! ! ! !!
! ! ! ! ! ! ! !!



HIV Database workshop 

Overview 

 
 

! ! ! !!
! ! Immunology database introduction!
! ! Epitope maps and epitope summary tables!

 !             ! T-cell epitope search  
! ! T-cell epitope variants !!
! ! Antibody search!
! ! Features of most broadly neutralizing antibodies (antibody “A-list”)                               !
! ! Neutralizing antibody resources: contexts and features – new!
! !QuickAlign – Align an epitope to the HIV database alignments 
! !N-glycosite – finds N-linked glycosylation sites!
! !ELF – epitope location finder 
! !Peptgen – list peptides for reagent development 

                             HeatMap  
   
  HIV genome browser tools – coming soon 
! !!
! !Mosaic Vaccine Maker, Epicover, and Posicover !
! ! !- generate candidate vaccines 
   - estimate epitope coverage 
   - determine regional epitope coverage 
      !
! ! ! !!
! ! ! ! ! !!



Immunology Database Content 

!  Incorporates published HIV T cell (CTL, T-helper)  
epitope and Antibody information (emphasis on 
monoclonals) 

!  Key information regarding what is learned about 
epitopes and mAbs in each paper is included 

!  Types of data recorded: 
" Epitope sequence and location: HXB2 numbering, subtype 
" Natural infection or vaccine  
" Host HLA or MHC  
" Ab isotype, binding region, species 
" Notes summarize main findings 



 

!  Contents: data from 
1985 through 2013 
" 7441 CTL entries 
" 1315 T-helper entries 
" 2386 Ab entries 
" 3090 published 

citations 

 
 

Immunology Database Statistics  

 

!  Usage: 
" ~ 70% papers entered in CTL epitope database use HIV 

Immunology Database resources 
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Immunology Database Products 
!  Epitope maps (species/HLA for T cell epitopes; species/MAb name 

for Ab) 

!  Epitope summary tables:  
"  All CTL and Helper epitopes and Ab binding sites 
"  Variants of CTL epitopes 
"  Review of HIV-1 HLA-associated polymorphisms, with a link to a table of 

polymorphisms, by Zabrina Brumme et al. (Under “Tools and Data Sets”). 
"  Christian Brander keeps an “A list” of HIV CD8+ T-cell epitopes – 

experimentally validated optimal epitopes with known HLA presenting 
molecules, will be updated soon 

"  “B list” – a comprehensive list of all unique epitopes in the database 
(unknown HLA, boundaries not fully defined!) 

"  All antibodies organized by protein and binding region 
"  New: Neutralizing Ab resources: Antibody A-list, Antibody contexts and 

features 

!  Tools for immunologists 

!  Yearly HIV Molecular Immunology Compendium 
 



!  Epitopes up to 14 aa long 
are mapped on HXB2 

!  HXB2 sequence may differ 
!  Epitopes with identical 

boundaries and HLA fields 
are included in the maps 
only once 

!  The epitope maps are 
interactive!  

p17 CTL/CD8+ 
Epitope Map 



!  List of all epitopes up to 21 aa long 
!  Unlike epitope maps that show 

epitope locations, here each epitope 
sequence is shown 

CTL/CD8+ Epitope Summary  
(B-list) 

!  Selective list of best 
defined epitopes as 
described by Christian 
Brander and colleagues 

Best-defined CTL/CD8+ 
Epitope Summary  

(A-list) 



Immunology Database: Search 

!  T Cells 
" Cytotoxic T Lymphocytes (CTL)   
" Helper T Lymphocytes (T-helper) 
" Organization is identical for CTL and T-helper 
" One reference per entry, epitope/HLA combinations are 

often repeated 
!  B Cells (Antibodies) 

" One entry for each monoclonal antibodies 
" Many references per entry (> 400 for some well studied 

MAbs) 
 



CTL/CD8+ T-cell Search 
!  Can search by HIV protein, Epitope Sequence, Subtype, 

Immunogen, Vaccine Details, Species, presenting MHC/HLA, 
Author, Country, Keywords 

!  Can now search on epitope location and find fuzzy matches, 
overlaps and embedded epitopes 

!  Search example: 
" SLYNTVATL – 254 entries 
" To narrow the search use keyword “escape” – 32 entries 

!  Additional information provided in the entry: 
" Location, Donor MHC/HLA, experimental methods, Notes 
" CTL epitope variants if studied in the paper 
" Link to all entries for a reference 
" PubMed links to papers 
" Link to Epitope Maps 
" Link to Epitope Alignment (Extracted from HIV-sequence 

database, includes subtype, country and year of sampling) 



CTL/CD8+  
T-cell  
Search 

Search for 
 
Epitope:  ISPRTLNAW 
 
First Author: Pillay 
 



Variant details with 
annotator’s notes 

Epitope alignment to 
Database sequences 

Epitope Map 



Variants details 
Can go back to epitope entry 

Note describing 
why the variant 
was designated 
particular 
mutation type 

Mutation type 



Summary table of ~ 2800 variants 

Under database Products  
(http://www.hiv.lanl.gov/content/immunology/index.html) 
 
Go to “Epitope variants and escape mutations” 



Antibody Search 

!  Can search by 
" HIV protein, Epitope Sequence, Subtype, Immunogen, 

Vaccine Details, Species, presenting MHC/HLA, Author, 
Country, Keywords  

" MAb ID (Ab lists by name and by binding type are provided) 
" Ab type (by binding site, for example binding to similar 

region like V3 or near a common functional domain like CD4 
binding site CD4Bs)  

"  Isotype 
!  Search examples: 

" 2F5 – 1 record with 463 references 
" Ab type: gp120 CD4BS – 200 records 



Antibody   
Search 

Can search by HXB2 location, 
Find overlaps, fuzzy matches 
Embedded epitopes 

Can show only notes and 
references containing 
selected keywords or user’s 
text (as apposed to showing 
matching Ab entries with all 
notes) 



Antibody   
Search  





Antibody “A-list”  

http://hiv-dev.lanl.gov:8081/content/immunology/tables/tables.html 
Epitope Summary Tables 
Best Neutralizing Antibodies 



Spreadsheet of Ab contexts and features 



Tools for Immunologists 

!  Sequence Locator Finds epitope location on the reference 
genome  

!  QuickAlign Aligns amino acids or nucleotides against our 
alignments 

!  PeptGen Generates overlapping peptides for any protein 
!  PepMap Generates peptide maps in Fasta, HTML and PDF 

formats  
!  ELF Epitope Location Finder 
!  N-Glycosite Finds N-linked glycosylation sites  
!  Mosaic Generates candidate vaccine protein cocktails 
!  Motifscan Scans alignments for HLA binding motifs 
!  Highlighter Highlights matches and mismatches in a set of 

aligned sequences  
!  Heatmap Displays and organizes neutralization or other 

quantitative data. 
!  And more ! 





Heatmap 
!  A heatmap is a graphical way of displaying a table of numbers 

by using colors to represent the numerical values.  
!  This is a very nice way to display large sets immunological data 

(eg antibody and target data), statistically clustering “like” 
behaviors  

!  Commonly used in gene expression array data 
!  We have two options in the immunology database: 

"  Hierarchical clustering: We use R code for this, and if you are 
comfortable coding in R you can better manipulate fine details 

"  An in-house developed k-means clustering strategy that incorporates an 
error model 

 
 



Usually use log 
base 10 for 
antibody data 

http://www.hiv.lanl.gov/content/sequence/HEATMAP/heatmap_mainpage.html 

Antibody data 
is often censored 
 
NAb sera are 
dilutions, so high 
values are potent 
 
MAbs are  
concentrations, so 
low values are potent 



Bootstrap

Bootstrap
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 K-means 
clustering,  

k = 3 
Three clusters, red, blue, yellow 
 
Bootstrap resampling to explore 
robustness of clusters given sampling 
limitations 
 
Can add an error model to explore the 
Impact of experimental reproducibility 

Robust blue cluster 

Robust blue cluster 



QuickAlign 
 

!  Generates an alignment of your HIV-1 amino acid or 
nucleotide sequence against our web alignments  

!  Can be used to align epitopes, functional domains, or 
any protein or nucleotide region of interest 

!  Calculates frequency of variants to the query sequence 
and summarizes both by subtype and all subtypes 
together 

!   Calculates frequency of amino acid or nucleotide by 
position  and summarizes both by subtype and all 
subtypes together 





QuickAlign: example of output 

!  Query peptide: 
SLYNTVATL 

! Sequence names 
include subtype, 
country and year of 
sampling 

!  Identical sequences 
are shown in red 



QuickAlign: sequence variant 
summary 

!  Variant frequency summary by subtype and all 
subtype together 



QuickAlign:  
Frequency by position 



PeptGen 
 

!  Creates maps of overlapping peptides on proteins to aid in peptide design for 
mapping epitopes  

!  Consensus sequences for all HIV subtypes for all proteins are available  
!  Use alignments to design comparable sets of peptides (for example, to compare 

clades) 
!  INPUT 

"  Query sequence or aligned sequences 
"  Desired length of peptides, peptide overlap,  
"  Forbidden C- and N-terminal amino acids 

!  OUTPUT  
"  Maps of overlapping peptides (forbidden AAs are taken into account) 
"  Simplified output for ordering 
"  Highlighted forbidden amino acids 
"  Hydrophobicity scores for the peptides are available 





PeptGen: output 
 Simple output, “new” 

Distinct 

Duplicate 

Classic output: 



N-Glycosite 
!  Highlights and tallies predicted N-linked glycosylation sites 

(Nx[ST] patterns, where x can be any amino acid) 
!  NP[ST] pattern can be excluded 

!  alignment position 



N-Glycosite (continuation) 

!  Tallies number of N-linked glycosylation sites per alignment 
position and displays as a downloadable table 



ELF 
 

!  If you have a peptide that reacts with CD8+ T cells from a 
person with known HLA type, enter:!
"  The peptide that reacts with CD8+ T-cells!
"  The HLA type of the person with the reactive  CD8+ T cells!

!  ELF will help identify the possibly reactive epitope by!
"  Highlighting appropriate HLA anchor motifs in the peptide!
"  Aligning all known epitopes embedded in the peptide from the 

database to your query sequence, with links to epitope entries!
"  Finding potential epitopes based on Immune Epitope Database 

(IEDB) binding predictions  http://www.immuneepitope.org/!
!  Other useful information provided:!

"  Genomic location of your peptide!
"  Database records for known CTL epitopes in this region, 

regardless of HLA.!

!
!



HLA selection is 
synchronized between 
2 analysis options 

You can choose how many 
top binders to show per 
MHC, or use a binding 
percentile rank cutoff 



ELF results 1: 
 

Clicking on an epitope takes you to respective 
CTL or Helper epitope Database entries 



ELF results 2: 
 



ELF results 3: 
Potential epitopes based on IEDB database MHC binding 

predictions, by Alexander Sette’s group   
 

Clicking on MHC links to the full list of IEDB 
predictions for that MHC (see next slide) 



ELF results 3: 
Potential epitopes based on IEDB database MHC binding 

predictions, by Alexander Sette’s group   
 



Mosaic vaccine tools 

Mosaic Vaccine Designer:  The Mosaic Vaccine Designer will generate candidate 
vaccine protein 'cocktails' that optimize coverage of potential T-cell epitopes 
found in a given background set of protein sequences.  
 
Epitope Coverage Assessment:  Alignment independent “n-mer” coverage of 
sequences by vaccines or peptides. 
 
Positional Epitope Coverage Assessment:  Alignment dependent coverage of 
sequences by vaccines or peptides. 



Mosaic Vaccine Designer 

Input: protein sequence set for a target  
population, does not need to be aligned. 
 
Number of mosaic proteins in the set. 
 
Epitope length. 
 
 



Epitope Coverage Assessment - Epicover  

Input:  
Vaccine set 
Test set 
 
Can report on 
subsets defined 
according to the 
first several 
characters in 
sequence 
names or  
user-defined 
subsets 
 



Epicover output 
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Positional Epitope Coverage Assessment - 
Posicover  

Input:  
 
Vaccine set or 
Reagent set 
 
ALIGNED test 
set 
 
 



Examples of Posicover outputs 
Matched 9-mers Missed 9-mers 

Alignment positions 



User’s sequence 
alignment: 
 
Each aa is 
represented as a 
single-colored 
square 

Examples of 
Posicover outputs 



Each amino acid is colored 
according to the 
set of 9-mers that contain it:  
 
Yellow: all 9-mers that overlap with  
amino acid are perfectly matched in a test 
vaccine set; 
 
Increasingly red:  fewer and 
fewer matches in the overlapping set of 9-
mers that span the amino acid;  
 
Black: amino-acid residues that are not 
included in any vaccine set 

Examples of 
Posicover outputs 



Coming soon:  
HIV-1 genome browser 



Coming soon:  
HIV-1 genome browser 



 Please let us know if you have 
questions, comments or 
suggestions 

 
 
seq-info@lanl.gov 
 
Bette Korber: btk@lanl.gov 
Will Fischer: wfischer@lanl.gov 
 
 


